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Cross-Ref erence to Related Applications 
This application is a continuation of U.S. 
5 Application No. 09/482,782, filed January 13, 2000, the 
entire contents and disclosure of which is hereby 
incorporated herein by reference. 

This application is also related to the following 
application, which was made by one of the present 
10 inventors: Terrestrial Optical Communication Network of 
Integrated Fiber and Free-Space Links Which Requires No 
Electro-Optical Conversion Between Links, U.S. patent 
application Serial No. 09/065,685, filed April 24, 1998, 
now U.S. Patent No. 6,239,888. The disclosure of this 
15 previous U.S. patent application is hereby incorporated 
by this reference. 



Statement Regarding Federally Sponsored 
Research or Development 
This invention was made with Government support 
20 under contract DASG60-00-C-0055 awarded by U.S. Army 

Space and Missile Defense Command. The Government has 
certain rights in the invention. 



Field of the Invention 
This invention relates to terrestrial optical and 
25 radio frequency (RF) data communication systems. More 

particularly, the present invention relates to a new and 
improved method and apparatus for communicating data 
through a communication link having both a free -space 
optical path and a parallel wireless RF path. The data 
3 0 is transmitted over the higher capacity optical path when 
favorable free-space atmospheric conditions prevail, and 



Page 1 of 53 



the data is transmitted over the RF path when free-space 
atmospheric conditions have degraded the effectiveness of 
the optical path to the point that it is more efficient 
to transmit the data over the RF path. Control and 
5 status information is preferably transmitted over the 
more reliable RF path in either circumstance. 

Background of the Invention 
The communications industry requires not only high- 
speed data communication but also reliability in those 

10 communications. In terrestrial communications, some of 
the most common communication links are wire line, radio 
frequency (RF) , fiber optic and free-space optical. Each 
of these communication links has different relative 
different strengths, weaknesses and tradeoffs in speed 

15 and reliability. Typically, the optical systems have 
higher communication data rates, speeds or bandwidths, 
and the wire line, RF and fiber optic links have greater 
reliability. 

Although fiber optic links are capable of both high 
20 speed and high reliability, they have the disadvantage of 
requiring a physical installation of a fiber optic cable 
as the communication path or media between communication 
points. A wire line link also requires the physical 
installation of wires or cables as the communication path 
2 5 or media. In many situations, however, it is 

impractical, uneconomical or impossible to install 
physical cable media between communication points. In 
these situations, the wireless RF and/or free-space 
optical links must be used. 
30 Free-space optical links transmit a light or laser 

beam through the atmosphere between an optical 
transmitter and an optical receiver. The aforementioned 
US patent application describes an optical transceiver 
within a mixed fiber and free-space optical communication 
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system. Free- space optical communication systems require 
a clear line-of -sight path between communication points, 
since the light or laser beam projects in a straight line 
between the communication points. The optical beam is 
5 subject to degradation by smoke, dust, fog, rain, snow 
and any other particles in the atmosphere between the 
communication points. These particles and substances 
refract or block light beam to the degree that it is not 
reliably received at the receiving communication point. 

10 At times, atmospheric conditions can so severely degrade 
quality of the light beam between the communication 
points that the free-space optics can fail to work 
altogether or that the communication rate is diminished 
to an unacceptable level. 

15 Wireless RF communication links involve broadcasting 

an RF signal carrying the communication data between the 
communication points. Although the typical RF broadcast 
is capable of transmitting data at a slower rate than an 
optical signal, the broadcast RF signal is usually more 

20 dependable. Broadcast RF signals are not subject to the 
same degradations from atmospheric conditions that cause 
free-space optical transmissions to suffer. Although 
some RF systems, such as microwave systems, do require an 
unobstructed line-of - sight transmission path, particles 

25 and substances in the air do not cause substantial RF 

signal degradation. Thus, RF communications can operate 
reliably under conditions where free-space optical 
transmissions can not operate reliably, thereby providing 
a greater assurance of accurate and effective data 

3 0 transmission although at a somewhat lesser data transfer 
rate . 

It is with respect to these and other 
considerations, that the present invention has evolved. 
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Summary of the Invention 
The present invention advantageously addresses the 
needs above as well as other needs by providing a method 
for use in free-space communications. The method 
5 comprises the steps of: transmitting data in an active 
mode in an optical signal through a free-space optical 
path of a communication link extending across a 
terrestrial free-space region; detecting degradation of 
the optical signal in the terrestrial free-space region; 

10 and automatically switching from the active mode to a 
standby mode upon optical beam degradation in the 
terrestrial free-space region, wherein the standby mode 
includes transmitting data in a radio frequency (RF) 
signal through a free -space RF path of the communication 

15 link. 

The present invention also provides an apparatus for 
use in free-space communications. The apparatus 
comprises: means for transmitting data in an active mode 
in an optical signal through a free-space optical path of 

20 a communication link extending across a terrestrial free- 
space region; means for detecting degradation of the 
optical signal in the terrestrial free-space region; and 
means for automatically switching from the active mode to 
a standby mode upon optical beam degradation in the 

25 terrestrial free-space region, wherein the standby mode 
includes transmitting data in a radio frequency (RF) 
signal through a free -space RF path of the communication 
link. 

In another version the present invention provides a 
30 method for use in communications. The method comprises 
the steps of: transmitting data in an optical signal 
through a free-space optical path of a communication link 
extending through a terrestrial free-space region; 
detecting degradation of the optical signal; and 
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transmitting data through a backup communication path in 
response to detected degradation of the optical signal. 

Another version of the present invention provides an 
apparatus for use in communications, which comprises: 
5 means for transmitting data in an optical signal through 
a free- space optical path of a communication link 
extending through a terrestrial free -space region; means 
for detecting degradation of the optical signal; and 
means for transmitting data through a backup 

10 communication path in response to detected degradation of 
the optical signal. 

In yet another version the present invention 
provides an apparatus for use in communications, which 
comprises: an optical transceiver configured to transmit 

15 data in an optical signal through a free-space optical 
path of a communication link extending through a 
terrestrial free-space region; the optical transceiver 
further configured to detect degradation of a received 
optical signal; and interface circuitry coupled to the 

2 0 optical transceiver that is configured to send data 

through a backup communication path in response to 
detected degradation of the received optical signal. 

And in yet another version the present invention 
provides an apparatus for use in communications, which 
25 comprises: an optical transceiver configured to transmit 
data in an active mode in an optical signal through a 
free- space optical path of a communication link extending 
through a terrestrial free- space region; the optical 
transceiver further configured to detect degradation of a 

3 0 received optical signal; and interface circuitry coupled 

to the optical transceiver that is configured to 
automatically switch from the active mode to a standby 
mode in response to detected degradation of the received 
optical signal; wherein the standby mode includes 
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transmitting data in a radio frequency (RF) signal 
through a free-space RF path of the communication link. 

The present invention involves a hybrid wireless 
optical and radio frequency (RF) communication link or 
5 system. Optical transceivers at opposite ends of the 
link provide an optical path for the primary 
communication of the data, and RF transceivers primarily 
provide a communication path for control and status 
information between the optical and RF transceivers. 

10 Under atmospheric conditions that cause the optical 
communication of data to degrade severely or to fail 
altogether, data communication is automatically switched 
to the RF path. Although the overall data communication 
speed may be reduced when the data is transmitted over 

15 the RF path, a communication link is maintained under all 
conditions, rather than suspending data communication 
during atmospheric conditions which are adverse to 
optical data communication. 

The presence of the RF path between the RF 

20 transceivers provides for highly reliable communication 
of the control and status information, regardless of 
whether the data is communicated over the optical or RF 
path. Thus, it is possible to pass control and status 
information to better control the optical transceivers 

25 and their optical signal transmissions, even when the 
optical link is not operating optimally due to 
deteriorated free-space atmospheric conditions. 

These and other improvements are achieved in an 
improved method for communicating data in a communication 

30 link extending across a terrestrial free-space region 
between two stations at ends of the link. The method 
involves communicating the data in an optical signal 
transmitted through a free- space optical path between the 
two stations, and communicating the data in a radio 

35 frequency (RF) signal transmitted through a free-space RF 
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path between the two stations when the data is not 
transmitted in the optical signal through the optical 
path. The optical link is used to transmit the data 
whenever there is a benefit to using the optical path, 
5 and the RF link is used whenever atmospheric conditions 
in the optical path cause of the optical path to fail or 
degrade the transmission of the optical signals. A 
failure or degradation of the optical path is recognized 
by a failed reception of a transmitted optical signal or 

10 by the reception of an optical signal which has been 

degraded to the point that it is difficult to reliably 
distinguish the information contained in the optical 
signal. Control and status information is transferred 
between the optical transceivers over the RF path to 

15 communicate that the optical signal has failed or has 
degraded. Even while the RF link is transmitting the 
data, it is preferable to continue attempted transmission 
of optical signals between the communication points to 
determine when to reestablish the optical path for the 

2 0 transmission of data with the optical signals can be 

reliably communicated. The two stations preferably 
alternately generate and transmit the control and status 
information and send it to the other station. The 
control and status information includes information which 
25 indicates the amount by which one station should change 
its optical transmitting power according to the other 
station's assessment of the received power, thereby 
maintaining effective optical communication without 
oscillation of the power levels of the two stations. 

3 0 The previously mentioned and other improvements are 

also achieved in a hybrid wireless optical and radio 
frequency (RF) communication link for communicating data 
between first and second stations, where the first and 
second stations receive and deliver the data through 
35 respective first and second input/output (I/O) signal 
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paths. The hybrid communication link includes a free- 
space optical link portion comprising a first optical 
transceiver at the first station and a second optical 
transceiver at the second station for transmitting and 
5 receiving an optical signal therebetween containing the 
data. The hybrid communication link also includes a 
free-space RF link portion in parallel with the optical 
link portion and comprising a first RF transceiver at the 
first station and a second RF transceiver at the second 

10 station for transmitting and receiving an RF signal 

therebetween containing the data and control and status 
information for controlling the operation of the optical 
and RF transceivers. The control and status information 
controls the functionality of the optical transceivers, 

15 without diminishing the capacity or bandwidth of the 

optical transceivers for transmitting and receiving the 
data contained in the optical signal. In addition, when 
the optical path fails or degrades because of atmospheric 
influences, the data is routed for transmission by the RF 

2 0 transceivers over the RF path. Even though the data 

transferring capability of the RF path is less than that 
of the optical path, data may still be transferred under 
conditions where data transfer would be prohibited by a 
failed or degraded optical path. 

25 The hybrid communication link receives the data to 

be transmitted over the optical and RF paths from an 
input /output (I/O) signal path, and the hybrid link 
transfers the data it receives from the optical and RF 
paths onto the I/O signal path. A switch within the 

30 station at the end communication links routes the data 
between the optical link and the I/O signal path in an 
active mode of operation and routes the data between the 
RF link and the I/O signal path in a standby mode of 
operation. A transmission status signal is generated as 

35 a part of the control and status information, and 
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transmission status signal indicates whether the optical 
link can effectively transmit data. The switch responds 
to the transmission status signal to establish either the 
active or standby modes of operation. An absence of the 
5 optical signal in the optical path is also recognized and 
causes a switch from the active to the standby mode of 
operation . 

A more complete appreciation of the present 
invention and its scope, and the manner in which it 
10 achieves the above noted improvements, can be obtained by 
reference to the following detailed description of 
presently preferred embodiments of the invention taken in 
connection with the accompanying drawings, which are 
briefly summarized below, and the appended claims. 

15 Brief Description of the Drawings 

Fig. 1 is a block diagram of a hybrid wireless 
optical and radio frequency (RF) communication link, 
which incorporates the present invention. 

Fig. 2 is an illustration of a data structure for a 
20 control token packet utilized in the hybrid communication 
link shown in Fig. 1. 

Fig. 3 is a more detailed block diagram of the 
hybrid communication link shown in Fig. 1. 

Fig. 4 is a more detailed block diagram of a master 
25 optical transceiver and a slave optical transceiver of 
the hybrid communication link shown in Fig. 3. 

Fig. 5 is a more detailed block diagram of a master 
transceiver interface unit (TIU) of the hybrid 
communication link shown in Fig. 3. 
3 0 Fig. 6 is a more detailed block diagram of a slave 

transceiver interface unit (TIU) of the hybrid 
communication link shown in Fig. 3. 

Fig. 7 is a flowchart of a power control procedure 
executed by the master and slave stations to adjust the 
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transmission optical power level of the optical 
transceivers shown in Fig. 3 and to assemble the control 
and status information contained in the control packet 
shown in Fig . 2 . 
5 Fig. 8 is a flowchart of the procedure for switching 

data transmission from the optical path to the RF path of 
the hybrid communication link shown in Fig. 3, as 
executed by a master transceiver interface unit shown in 
Fig. 5. 

10 Fig. 9 is a general flowchart of the procedure for 

switching data transmission from the optical path to the 
RF path of the hybrid communication link shown in Fig. 3, 
as executed by a slave transceiver interface unit shown 
in Fig. 6. 

15 Detailed Description 

A hybrid wireless optical and radio frequency (RF) 
communication link (the hybrid link) 20 is shown in Fig. 
1. The hybrid link 20 combines free-space optical 
communication technology (preferably laser systems which 

2 0 reach a communication speed of many gigabits per second) 

with high speed RF technology (preferably microwave) to 
achieve a wireless terrestrial hybrid laser/microwave 
communication link for the communication of data between 
two communication end-points of the hybrid link 20 at 
25 stations 22 and 24. The integration of these two 

wireless communication technologies (optical and RF) in 
the hybrid link 20 increases the statistical availability 
or reliability of long-distance (e.g. over 1-2 miles in 
distance) , point-to-point wireless communication. 

3 0 The hybrid link 2 0 preferably generally comprises a 

master hybrid communication station (master station) 22 
and a slave hybrid communication station (slave station) 
24. An optical signal, such as a laser beam, is 
projected in an optical path 26, and an RF signal, such 
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as a microwave signal, is broadcast in a RF path 28. 
Both the optical signal in the optical path 26 and the RF 
signal in the RF path 28 are transmitted across a 
terrestrial free-space region 30 between the master 
5 station 22 and the slave station 24. Data contained in 
the optical and RF signals is thereby communicated 
between the two stations 22 and 24. Input/output (I/O) 
signal paths 32 and 34 connect the master and slave 
stations 22 and 24, respectively, to other communication 

10 stations (not shown) or devices, and thereby connect the 
hybrid link 20 into a larger communication network or 
system. The data transmitted in the optical and RF 
signals is obtained from the I/O signal paths 32 and 34 
at one station 22 or 24 and is delivered over the I/O 

15 signal paths 34 and 32 at the other station 24 or 22 

after communication through the hybrid link 20. The I/O 
signal paths 32 and 34 may be any source or delivery path 
of data signals in the communication network or system. 
For example, the I/O signal paths may be fiber optic or 

2 0 wire channels that connect the master and slave stations 

22 and 24 to other wireless stations at the same 
location, thereby making the hybrid link 20 a repeater in 
a series of such hybrid links 20 in the communication 
network or system. Alternatively, the I/O signal paths 
25 32 and 34 may be part of land-based fiber optic or wire 
communication links to distant land-based communication 
stations. The data communicated over the hybrid link 2 0 
may comprise any type of user data or information. 

The optical path 2 6 serves as the main or preferred 

3 0 communication path for the data transmitted between the 

master and slave stations 22 and 24 in an active mode of 
operation. The RF path 2 8 serves as the main or 
preferred communication path for control and status 
information used to control the operation of the stations 
35 22 and 24. The RF path 28 also serves as a reliable 
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backup data communication path in a standby mode of 
operation. In the standby mode, the RF path 28 carries 
the data because the optical path 26 has failed in 
transmitting successfully or reliably communicating the 
5 optical signal through the free -space region 3 0 between 
the stations 22 and 24 , usually due to the degrading 
atmospheric or other influences in such as the light 
refractive influences of rain, fog, mist, snow, dust or 
other severe weather conditions in the terrestrial free- 

10 space region 30, but also because of a possible 

mechanical or functional failure of the equipment in the 
optical link portion of the hybrid link 20. The RF path 
2 8 exchanges control and status information between the 
master and slave stations 22 and 24 in both the active 

15 and standby modes and additionally transmits the data in 
the standby mode. 

The master station 22 constantly monitors a received 
optical power level of a signal received through the 
optical path 26 from the slave station 24, and vice 

2 0 versa, in both active and standby modes. Based on the 

received optical power level information, each station 22 
and 24 calculates an amount by which the other station 24 
or 22 needs to adjust its transmitted optical power level 
for optimum optical communication in the optical path 26. 
25 Additionally, it is preferable that the master and slave 
stations 22 and 24 transmit at the same optical power 
level. As part of the control and status information, 
the master and slave stations 22 and 24 share information 
regarding the received optical power level, the 

3 0 transmitted optical power level and the calculated power 

adjustment in order to confirm necessary adjustments and 
maintain the same transmitted optical power level . When 
both the master and slave stations 22 and 24 are 
transmitting optical signals at the same power level, 
35 this condition is referred to as "symmetry." 
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The symmetry of transmitted power levels of the 
master and slave stations 22 and 24 permits either 
station 22 or 24 to determine immediately whether the 
optical path 2 6 has failed or degraded to the point where 
5 it is unreliable or ineffective. When one station 22 or 
24 detects that the received optical power level is below 
an appropriate threshold minimum and its own transmitted 
optical power level is at a maximum (which, due to the 
symmetry, means that the transmitted optical power level 

10 of the other station is also at a maximum) , then adverse 
conditions in the terrestrial free-space region 30 have 
degraded. The optical path 26 can no longer be 
considered as reliable or effective in transmitting data 
at a higher data rate than that rate at which data can be 

15 transferred in the broadcast RF signal in the RF path 28. 
This condition is referred to herein as a "failure" of 
the optical path 26. Upon optical failure, the hybrid 
link 20 switches to the standby mode in which the data is 
communicated through the RF path 28. Optical signals are 

20 continually transmitted in the optical path 26 during the 
standby mode of operation, and the master and slave 
stations 22 and 24 continue to monitor the received 
optical power level of the optical signals in the optical 
path 2 6 in the standby mode, even though the data is 

25 transferred in the RF signal through the RF path 28. By 
continually monitoring the optical signals in the optical 
path 2 6 during the standby mode of operation, the hybrid 
link 2 0 can switch back to the active mode upon 
dissipation of the adverse influences in the free-space 

30 region 30 to allow reliable optical communication of data 
in the optical path 26. Information regarding optical 
failure is continuously shared between the master and 
slave stations 22 and 24 in the status and control 
information transmitted in the RF path 28, so that both 
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stations 22 and 24 make the switch between the active and 
standby modes in a manner in which no data is lost. 

The master and slave stations 22 and 24 share 
control and status information by communicating a control 
5 token packet 36, an exemplary data structure of which is 
shown in Fig. 2, back and forth between the stations. 
The control packet 3 6 comprises header fields 3 8 and 
content fields 40. The particular header fields 38 
depend on the particular communication protocol being 

10 used. In this example, the control packet 36 is 
representative of a packet for the well-known 
Asynchronous Transfer Mode (ATM) switching protocol. 
Thus, the content of the header fields 3 8 is set 
according to the ATM protocol standard. The processing 

15 of the optical and RF network data signals in the optical 
and RF paths 2 6 and 2 8 is independent of, or transparent 
to, the protocol used to transmit the data. However, 
encapsulation of the control and status information into 
the control packet 3 6 (Fig. 2) depends on the 

20 communication protocol used by the hybrid link 20. The 
standard Internet Protocol (IP) switching protocol is 
another example of such a well-known protocol. 

The ATM protocol is capable of delivering quality of 
service and optimizing delay for voice, data, video and 

25 image communication systems. Therefore, it is considered 
to represent a presently unifying technology. The ATM 
protocol is scalable, enabling a standard 53 -byte cell to 
be transported from LAN (local area network) to LAN via 
WAN (wide area network) . The ATM protocol can also be 

3 0 used on public and private WANs. The 53 -byte cell 

consists of a 5-byte header (the header fields 38) and a 
payload of 48 bytes of information (the content fields 
40) . The header fields 38 generally comprise the 
destination, payload type, priority, and an error check 

3 5 field. The control and status information are 
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encapsulated into one ATM packet (the control packet 36) 
with the payload type field set to 001, or some other 
unique identifier indicative of a control packet 36. The 
48-byte payload (the content fields 40) is used to 
5 transport other control and status information between 
the master and slave stations 22 and 24 (Fig. 1) . 

Ideally, the rate at which the control packet 36 is 
passed between the master and slave stations 22 and 24 
should depend on how fast the quality of the optical path 

10 2 6 (Fig. 1) is changing. However, given the small size 
of the control packet 36 (53 bytes) , its transmission 
will consume an almost -insignificant amount of the 
bandwidth of the RF path 28. Therefore, the control 
packet 3 6 may be passed back and forth at a constant rate 

15 or at other predetermined intervals. 

The content fields 40 preferably comprise a control 
packet identification (ID) field 42, a conflict resolver 
field 44, an optical failure field 46, a power adjustment 
field 48, a power adjustment amount field 50, a total 

20 received power field 52 and a total transmitted field 54. 
The control packet ID field 42 identifies the ATM packet 
in which it is incorporated. 

The conflict resolver field 44 is preferably a 
single bit that permits the master and slave stations 22 

25 and 24 (Fig. 1) to resolve a conflict when there are two 
control packets 36. Under normal operation, there will 
be only one control packet 3 6 flowing between the master 
and slave stations 22 and 24. During an initialization 
mode, however, the master and slave stations 2 2 and 2 4 

30 preferably both generate a control packet 36, so the 
, brief presence of the two control packets 36 must be 
resolved. During normal operation in active or standby 
mode, the master and slave stations 22 and 24 pass back 
and forth a single control packet 36 with the conflict 

35 resolver field 44 set to an "operational" state or 
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indication (e.g. a 1) . In the initialization mode, 
however, the master and slave stations 2 2 and 24 both 
generate control packets 36 with the conflict resolver 
field 44 set to an "initial" state or indication (e.g. a 
5 0) , but the master station 22 subsequently changes the 

conflict resolver field 44 in its control packet 36 from 
the initial state to the operational state, as described 
below with respect to Fig. 3, before routing the control 
packet 36 to the slave station 24. The master and slave 

10 stations 22 and 24 both discard any received control 

packet 36 that contains a conflict resolver field 44 set 
to the initial state. Thus, the master station 22 
discards the first control packet 3 6 received upon 
initialization. The slave station 24, on the other hand, 

15 receives and processes the first control packet 3 6 from 
the master station 22, since the master station 22 sets 
the conflict resolver field 44 of its first generated 
control packet to the operational state. Therefore, only 
one control packet 3 6 is afterwards passed back and forth 

20 in the hybrid link 20 (Fig. 1) . The master and slave 

stations 22 and 24 each re-generate the control packet 36 
if it does not receive the control packet 3 6 from the 
other station within a predetermined timeout period. 
This timeout period may be user configurable. 

25 The optical failure field 46 is preferably a single 

bit that indicates the transmission status of the optical 
path 26 (Fig. 1), i.e. whether the optical path 26 is 
functioning properly or has failed. Whenever the master 
or slave station 22 or 24 (Fig. 1) has possession of the 

3 0 control packet 3 6 and cannot detect a proper signal in 

the optical path 26 and it is transmitting at its maximum 
optical power level, then the master or slave station 22 
or 24 sets the optical failure field 46 to a "failed" 
status or indication. On the other hand, whenever the 

35 master or slave station 22 or 24 has possession of the 
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control packet 3 6 and can detect a proper signal in the 
optical path 26, then the master or slave station 22 or 
24 sets the optical failure field 46 to an "okay" status 
or indication. When in active mode and the optical 
5 failure field 46 is set to the failed status, the hybrid 
link 20 (Fig. 1) switches from the active mode of 
operation to the standby mode of operation where the data 
is communicated over the RF path 28 (Fig. 1) . When in 
the standby mode and a control packet is received with 
10 its optical failure field 46 set to the okay status, the 
hybrid link 2 0 switches from the standby mode to the 
active mode. 

The power adjustment field 48 is preferably two 
bits, set by the station sending the control packet 36, 

15 set to indicate whether the transmitted optical power 
level at the receiving station needs to be left 
unchanged, decremented or incremented. The power 
adjustment amount field 50 is preferably several bits 
indicating the amount by which the sending station is 

20 instructing the receiving station to adjust its 
transmitted optical power level. Thus, when the 
receiving station receives the control packet 3 6 
containing the power adjustment field 48 indicating that 
the power level needs to be increased or decreased and 

2 5 the receiving station concurs that the power level should 

be increased or decreased, the receiving station updates 
its transmitted optical power level according to the 
amount indicated by the power adjustment amount field 50. 
The total received power field 52 is preferably 

3 0 several bits indicating the optical power level of the 

received signal in the optical path 26 (Fig. 1) . Upon 
receipt of the control packet 36, the receiving station 
preferably compares the enclosed total received power 
field 52 with its local transmitted optical power level 
35 and/or the local received optical power level to further 
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confirm any amount by which it is to adjust its 
transmitted optical power level. 

The total transmitted power field 54 is preferably 
several bits indicating the optical power level at which 
5 the station sending the control packet 36 is transmitting 
the signal in the optical path 26 (Fig. 1) . With the 
total transmitted power field 54, the receiving station 
can compare the optical power level at which it is 
transmitting the signal in the optical path 26 with the 

10 optical power level at which the sending station is 

transmitting the signal in the optical path 26 and can 
synchronize the optical power levels or confirm power 
level symmetry of operation. 

More details concerning the hybrid link 2 0 are shown 

15 in Fig. 3. The master station 22 generally comprises a 
master optical transceiver (OT) 56, a master RF 
transceiver 58, a master transceiver interface unit (TIU) 
60 and a master control interface unit (CIU) 62 . 
Likewise, the slave station 24 generally comprises a 

20 slave OT 64 , a slave RF transceiver 66, a slave TIU 68 
and a slave CIU 70. 

The master and slave OTs 56 and 64 communicate with 
each other through the optical beams in the optical path 
26 which are projected or directed through the 

25 terrestrial free-space region 30. Thus, the master and 
slave OTs 56 and 64 and the optical path 2 6 generally 
form an optical link portion of the hybrid link 20. 
Likewise, the master and slave RF transceivers 58 and 66 
communicate with each other through the RF signals 

30 broadcast in the RF path 28 across the terrestrial free- 
space region 30. Thus, the master and slave RF 
transceivers 58 and 66 and the RF path 2 8 generally form 
a RF link portion of the hybrid link 20. The RF link 
portion communicates in parallel with the optical link 

35 portion of the hybrid link 20. The RF and optical link 
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portions both connect to and utilize the master TIU 60 
and the master CIU 62 of the master station 22 and the 
slave TIU 68 and the slave CIU of the slave station 24. 
The master and slave OTs 56 and 64 process and 
5 amplify the optical beams in the optical path 26 for 

transmission and reception. The master and slave OTs 56 
and 64 also analyze the status and control information of 
the content fields 40 of the control packet 36 (Fig. 2) 
received from the opposite station. Upon receipt of the 

10 control packet 36, the master OT 56 compares its optical 
transmission power with the total transmitted power 
information contained in the total transmitted power 
field 54 (Fig. 2) which the slave OT 64 included in the 
control packet 36, and vice versa, in order to maintain 

15 symmetrical power operation. The master and slave OTs 56 
and 64 adjust the optical power level with which they 
transmit the optical beam in the optical path 2 6 based on 
the other station's assessment of the received optical 
power, which is carried in the total received power field 

20 52 of the received control packet 36. The control packet 
3 6 is always updated at the master and slave OTs 56 and 
64. The master and slave OTs 56 and 64 update the 
content fields 40 of the control packet 36 with new 
control data collected from assessing the optical power 

25 level of the received optical beam and their transmitted 
optical power level and submit the updated control packet 
36 to their respective master or slave TIU 60 or 68 for 
routing to the opposite station. 

The master and slave TIUs 60 and 68 route the data 

30 to their respective master and slave OTs 56 and 64 across 
an optical data I/O bus 72 and 74, respectively, when the 
optical beams 2 6 are functioning properly without undue 
atmospheric degradation of signal strength and integrity, 
i.e. in active mode. The master and slave TIUs 60 and 68 

35 also receive the control packets 36 (Fig. 2) from their 
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respective master or slave OT 56 and 64 via a control bus 
76 and 78, respectively. The master and slave TIUs 60 
and 68 route the control packet 3 6 in a data stream to 
their respective master or slave RF transceiver 58 and 66 
5 via an RF data I/O bus 80 and 82, respectively, for 

transmission to the receiving station. The master and 
slave TIUs 60 and 68 extract the control packet 36 from 
the data stream arriving from their respective RF 
transceivers 58 and 66. 

10 The master and slave TIUs 60 and 68 also seamlessly 

switch transmission of the data to their respective RF 
transceivers 58 and 66 either when the status and control 
information contained in the control packet 36 (Fig. 2) 
indicates a failure in the optical path 26 or when there 

15 is an absence of data coming through the optical path 26. 
Alternatively, the master and slave TIUs 60 and 68 may 
route data to either the respective master and slave OTs 
56 and 64 or the respective master and slave RF 
transceivers 58 and 66 simultaneously, thereby ensuring 

20 high-speed communication in the active mode. In this 
case, when the optical path 26 fails, the master and 
slave TIUs 60 and 68 route data through the respective 
master and slave RF transceivers 58 and 66, thereby 
ensuring communication availability in the standby mode. 

25 The control packets 36, whether originated by the 

master OT 56 or the slave OT 64, are routed to the master 
TIU 60 for processing. The control packets 36 that are 
received by the slave TIU 68 through its slave RF 
transceiver 66 are routed to the connected slave OT 64 

30 without any further processing. Thus, the master TIU 60 
processes the control packets 36 generated at both ends 
of the hybrid link 20. The master TIU 60 reads the 
optical failure field 46 to perform the active-to-standby 
switch. If either the master or slave station 22 or 24 

35 warns of an optical failure, the master TIU 60 starts the 



Page 2 0 of 53 



active-to-standby mode switching process. It is also the 
master TIU 60 that processes the conflict resolver field 
44 to maintain one control packet 36 in continuous use. 

The slave TIU 68 senses when there is an absence of 
5 activity along its optical data I/O bus 74, and concludes 
that the master TIU 60 has already started the active-to- 
standby mode switching process. In this case, the slave 
TIU 68 switches the data to the RF path 28. 

The hybrid link 2 0 is independent of the 

10 specifications for the RF transceivers 58 and 66 

incorporated into the overall hybrid link 20. Thus, the 
hybrid link 20 has the flexibility to accommodate a 
variety of conventionally available RF system devices. 
For example, military users may incorporate a military 

15 proprietary radio system that uses proprietary 

frequencies assigned by the FCC. Additionally, wireless 
service providers which possess an RF license are able to 
use RF transceivers designed to operate within the 
licensed RF wavelengths. 

2 0 When the master RF transceiver 58 receives the data 

and/or control packet 36 (Fig. 2) from the master TIU 60, 
the master RF transceiver 58 prepares it for broadcast as 
an RF signal. The slave RF transceiver 66 on the 
receiving side detects the RF signal and processes the RF 
25 signal to recover the transmitted digital signal (i.e. 

the data and control packet 36) before sending it to the 
slave TIU 68. A similar process occurs for the 
oppositely- flowing RF communicated data and control 
packet . 

3 0 While data is flowing through the optical path 2 6 in 

both directions, the RF path 28 serves as a reliable path 
to transmit and receive the control and status 
information in the control packet 36 (Fig. 2) . Wireless 
RF links are much more reliable than wireless optical 
35 links under severe weather conditions. Therefore, it is 
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preferable for the RF link portion of the hybrid link 20 
to carry the control and status information at all times, 
although the optical path 2 6 may be used to carry the 
control and status information under conditions where 
5 high-quality optical signals may be communicated through 
the free -space region 3 0 (Fig. 1) or when there has been 
an equipment or functional failure in the RF link portion 
of the hybrid link 20. 

More details concerning the optical link portion of 

10 the hybrid link 20, including the master OT 56 and the 
slave OT 64, are shown in Fig. 4. The master and slave 
OTs 56 and 64 may be all -optical devices or may 
incorporate conventional optical -to- electronic 
conversion. The latter is used to incorporate error 

15 correcting codes, and possibly proprietary header 

insertion. It is preferred that the optical link portion 
use an adaptive power control technique to optimally 
communicate within the optical path 26, as described in 
the aforementioned US patent application. 

2 0 The master OT 5 6 and the slave OT 64 are generally 

similar in structure and operation. The master OT 56 and 
the slave OT 64 comprise an optical receiver aperture 88 
and 90, an optical pre-amplif ier 92 and 94, a channel 
assessment unit 96 and 98, a control packet generator 10 0 

25 and 102, a transmitted power update unit 104 and 106 and 
an optical transmitter 108 and 110, respectively. 
Control lines (not shown) to each of these elements 
permits the master and slave CIUs 62 and 70 (Fig. 3) to 
provide appropriate control signals to these elements. 

30 The optical path 26 through the terrestrial free-space 

region 30 generally comprises a master- to-slave beam 112, 
transmitted by the optical transmitter 108 and received 
by the optical receiver aperture 90, and a slave-to- 
master beam 114, transmitted by the optical transmitter 

35 110 and received by the optical receiver aperture 88. 
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Since the master OT 56 and the slave OT 64 are 
generally similar, only the elements and function of the 
master OT 56 will be described. The same description 
applies to the corresponding elements of the slave OT 64. 
5 The optical receiver aperture 88 receives the slave-to- 
master beam 114 and sends it to the optical pre-amplif ier 
92. The optical pre-amplif ier 92 amplifies the slave-to- 
master beam 114 as needed to detect a distinguishable 
communication signal containing the data, depending on 

10 the signal strength, or power, of the slave- to-master 

beam 114. The optical pre-amplif ier 92 is only adjusted 
locally within the master OT 56 according to the optical 
power level of the received optical power. The amplified 
beam is delivered on a data-out path 116 to the master 

15 TIU 60 (Fig. 3) (or a data-out path 116 to the slave TIU 
68 (Fig. 4)). The optical pre-amplif ier 92 it is 
connected to the channel assessment unit 96 to provide a 
signal indicative of the power level of the slave-to- 
master beam 114 or the amount of amplification required 

20 to create the amplified beam. From this information, the 
channel assessment unit 96 determines the quality of the 
slave- to-master beam 114 and sends this information to 
the control packet generator 100 and to the transmitted 
power update unit 104. The channel assessment unit 96 

25 implements a conventional digital signal processor (DSP) 
algorithm in either a conventional field programmable 
gate array (FPGA) or a conventional DSP operating in 
combination with a conventional microprocessor (not 
shown) controlling the master OT 56. 

3 0 The transmitted power update unit 104 receives the 

beam quality signal from the channel assessment unit 96 
and the control packet 3 6 (Fig. 2) from a control data 
input path 118. Based on the beam quality signal from 
the channel assessment unit 96 and the information 

35 contained in the power adjustment field 48 (Fig. 2) and 
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in the power adjustment amount field 50 (Fig. 2) of the 
control packet 36, the transmitted power update unit 104 
determines the amount of power, if any, by which the 
optical transmitter 108 is to adjust an incoming optical 
5 signal on a data-in path 12 0 to form the outgoing master- 
to-slave beam 112. Thus, when the transmitted power 
update unit 104 (Fig. 4) receives the control packet 36 
containing the power adjustment field 48 indicating that 
the transmitted optical power level needs to be increased 

10 or decreased and the beam quality signal from the channel 
assessment unit 96 provides a concurring assessment, then 
the transmitted power update unit 104 supplies a signal 
to the optical transmitter 108 to update the transmitted 
optical power level according to the amount indicated by 

15 the power adjustment amount field 50. The optical 
transmitter 108 may not permit continuous power 
adjustment, so the power adjustment may be performed by 
small step increments. The transmitted power update unit 
104 implements a conventional digital signal processor 

2 0 (DSP) algorithm in either a conventional field 

programmable gate array (FPGA) or a conventional DSP 
operating in combination with the conventional 
microprocessor (not shown) controlling the master OT 56. 
The optical transmitter 108 receives the incoming 
25 optical signal on the data-in path 120 from the master 
TIU 60 (Fig. 3) (or the data-in path 120 from the slave 
TIU 68 (Fig. 4)). The data-out path 116 and the data-in 
path 120 generally form the optical data I/O bus 72 
connecting to the master TIU 60 (or the optical data I/O 

3 0 bus 74 connecting to the slave TIU 68) . 

The control packet generator 100 receives the beam 
quality signal from the channel assessment unit 96 and 
power adjustment data from the transmitted power update 
unit 104 and generates the control packet 36 (Fig. 2) . 
3 5 The control packet generator 100 creates the control 
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packet 36 had supplies it on a control data output path 
122. The control data input path 118 and the control 
data output path 122 generally form the control bus 76 

(or the control bus 78) . The control packet generator 
5 100 implements a conventional digital signal processor 

(DSP) algorithm in either a conventional field 
programmable gate array (FPGA) or a conventional DSP 
operating in combination with the conventional 
microprocessor (not shown) controlling the master OT 56. 
10 Under severe weather conditions, for example, either 

the master or slave OT 56 or 64 may detect degradation of 
the optical signal from the optical path 26 while 
transmitting using its highest optical transmitting 
power. In this situation, if the master OT 56 detects 
15 the optical beam degradation, then the master OT 56 sets 
the optical failure field 46 (Fig. 2) within the control 
packet 36 (Fig. 2) to the w f ailed" status and submits the 
control packet 36 to the master TIU 60 (Fig. 3) via the 
control bus 76. Otherwise, if the slave OT 64 detects 

2 0 the optical beam degradation, then the slave OT 64 sets 

the optical failure field 46 to the "failed" status and 
routes the control packet 3 6 to the slave RF transceiver 
66 (Fig. 3) via the slave TIU 68 (Fig. 3) and to the 
master TIU 60. The master TIU 60 processes the control 
25 packet 36 from either the master or slave station to 

switch the data communication to the RF link portion of 
the hybrid link 20, thereby establishing the standby mode 
of operation, when an optical link failure or degradation 
is detected. The slave OT 64 then stops receiving data 

3 0 from the optical path 26, so the slave TIU 68 senses the 

absence of activity on its optical data I/O bus 74 and 
switches the data to the RF link portion of the hybrid 
link 20, thereby also establishing the standby mode of 
operation. 
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For a control packet 36 (Fig. 2) that originates in 
the master station 22 , the master RF transceiver 58 sends 
the control packet 3 6 to the slave RF transceiver 66, 
which conveys the control packet 3 6 to the slave TIU 68 
5 (Fig. 3) . The slave TIU 68, which has probably already 
performed the switch to the standby mode, routes the 
control packet 3 6 to the slave OT 64 for processing. 

When data flows through the RF path 28, the hybrid 
link 20 continues communicating control and status 

10 information between the master station and the slave 
station via the control packet 36 (Fig. 2) . The 
continued communication of the control packet 36 allows 
the hybrid link 2 0 to switch back to the active mode when 
the optical path 2 6 shows improvement from its failed 

15 condition. The master and slave OTs 56 and 64 monitor 
the performance of the optical path 26 by attempting to 
exchange a synchronization bitstream at frequencies 
similar to those used to optically transfer the data 
while the data is routed through the RF path 28. The 

20 synchronization bitstream is generated by the master and 
slave OTs 56 and 64 and is not transmitted to the master 
and slave TIUs 60 and 68. The synchronization bitstream 
is also used during initialization to align the master 
and slave OTs 56 and 64 before the data is communicated 

25 therebetween. 

It is preferable that the master OT 56 and the 
master RF transceiver 58 (Fig. 3) always deliver power 
similarly, or symmetrically, to the slave OT 64 (Fig. 3) 
and the slave RF transceiver 66 (Fig. 3), and vise versa. 

30 Furthermore, all switching between the active and standby 
modes occurs seamlessly and without data loss. 

Under normal operating conditions and normal weather 
conditions, the master and slave TIUs 60 and 68 route the 
data to and from the master and slave OTs 56 and 64 (Fig. 

35 3) , respectively. During initialization, however, the 
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master and slave OTs 56 and 64 transmit the 
synchronization bit stream using maximum optical power. 
Afterwards, depending on the amount of received optical 
power at each station 22 and 24, the master and slave OTs 
5 56 and 64 adjust the transmitted optical power level of 
their optical transmitters 108 and 110 (Fig. 4) , 
respectively, in order not to saturate the receiving 
optical pre-amplif iers 94 and 92, respectively. The 
master and slave OTs 56 and 64 will both be operating 

10 using the same optical power level due to the symmetrical 
power control properties of the optical link portion of 
the hybrid link 20, described above. 

Once the optical link portion of the hybrid link 20 
is optimized in initialization, the master and slave OTs 

15 56 and 64 (Fig. 3) both build the control packet and send 
it to the master and slave TIUs 60 and 68, respectively, 
using the control buses 76 and 78, respectively. While 
waiting to receive the control packet 36, the master and 
slave OTs 56 and 64 keep monitoring the optical path 2 6 

20 using the received optical power level. The master and 
slave OTs 56 and 64 adjust their transmitted power level 
after receiving, processing and updating the contents of 
the control packet 36, as described above. 

The RF path 2 8 provides a reliable avenue for 

25 synchronizing the master and slave OTs 56 and 64 (Fig. 

3) , such that each one adjusts its power while the other 
waits for its turn. In this instance, the master and 
slave OTs 56 and 64 will each adjust its transmitted 
power level only when it holds the control packet. Thus, 

3 0 the control packet serves to synchronize the power 

adjustment between the master and slave stations and to 
allow the master and slave OTs 56 and 64 each to adjust 
its transmitting power level synchronously according to 
the reception level of the other OT 64 or 56. 



Page 27 of 53 



In an alternative technique to update the 
transmitted optical power of the optical transmitters 108 
and 110 (Fig. 4) , the master or slave OT 56 or 64 (Fig. 
3) updates its transmitting power based only on the 
5 optical power received by the optical receivers 88 and 90 
(Fig. 4) . However, while one of the master or slave OT 
56 or 64 is in the process of adjusting its transmitted 
power level based on the received optical power, the 
other one of the master or slave OT 56 or 64 may be in 

10 the process of adjusting its transmitted power in the 
opposite direction. Thus, the hybrid link 2 0 (Fig. 1) 
may fall into oscillation modes wherein the master and 
slave OTs 56 and 64 keep adjusting their transmitted 
power levels back and forth. This situation reduces the 

15 efficiency of the hybrid link 20, and is therefore not 
preferred. 

In initialization as described above, the master and 
slave OTs 56 and 64 each generate control packets 36, and 
each OT initially sets the conflict resolver field 68 to 

20 the "initial" status. Each OT sends the control packet 
36 for routing to the other station, respectively. 
During operation in the active or standby modes after 
initialization, the master and slave OTs 56 and 64 ensure 
that the control packet has the conflict resolver field 

25 44 set to the "operational" status. The master and slave 
OTs 56 and 64 also discard any received control packet 
that contains a conflict resolver field 44 set to the 
"initial" status. Thus, the master OT 56 discards the 
first control packet 36 received from the slave OT 64. 

30 The slave OT 64, on the other hand, receives and 

processes the first control packet 3 6 from the master OT 
56, since the master station 22 changed the conflict 
resolver field 44 to the "operational" status in this 
control packet. Additionally, the master and slave OTs 

35 56 and 64 each re-generate the control packet 36 if it 



Page 28 of 53 



does not receive the control packet 3 6 from the other 
side within the defined time frame. 

The hybrid link 2 0 may be controlled to switch 
between the active and standby modes of operation by 
5 externally applied control signals, as well as by the 

result of internally assessing the quality of the optical 
beam in the optical path in the manner just described. 
The master and slave CIUs 62 and 70 may comprise 
computers, modems or other types of network control and 

10 monitoring devices, which supply the control signals for 
switching modes of operation externally. Therefore, the 
hybrid link 2 0 may be monitored and controlled through a 
local or a remote system controller. When the hybrid 
link 20 is configured for external control, the master 

15 and slave CIUs 62 and 70 command the master and slave 
TIUs 60 and 68, the master and slave OTs 56 and 64 and 
the master and slave RF transceivers 58 and 66 (Fig. 3), 
to monitor and control the hybrid link 20. Additionally, 
the master TIU 60 maintains an updated copy of the most 

2 0 recent control packet 36, which is accessible by the 

master CIU 62. Thus, the master and slave CIUs 62 and 70 
command the master and slave TIUs 60 and 68, 
respectively, to perform the switch between the active 
and standby modes. The master and/or slave CIU 62 or 70 
25 may issue a command to switch to or from the standby mode 
for system maintenance, equipment upgrades or other 
reasons relating to the performance of the data 
transmission in the optical path. When the hybrid link 
20 is internally controlled, however, the switching from 

3 0 the active to standby modes occurs automatically upon 

optical beam failure or degradation due to severe weather 
condition or failure of either of the master or slave OT 
56 or 64. The switch back to the active mode happens 
automatically when the atmospheric conditions in the 
3 5 free -space region 3 0 recovers sufficiently to provide 
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reliability and effectiveness in communicating the 
optical signal through the optical path 26. Thus, the 
master and slave CIUs 62 and 70 play the role of a remote 
control interface unit that commands the master and slave 
5 TIUs 60 and 68, the master and slave OTs 56 and 64 and 
the master and slave RF transceivers 58 and 66. Having 
both a master CIU 62 and a slave CIU 70 provides 
independent control at both the ends of the communication 
path that are useful to support a modular implementation 

10 of the hybrid link 20, wherein each station 22 and 24 is 
operated independently . 

The hybrid link 20 may be implemented in different 
ways. The master and slave CIUs 62 and 7 0 (Fig. 3) may 
be used as remote control unit interfaces to configure, 

15 maintain and control the master and slave OTs 56 and 64 
(Fig. 3) . In the absence of the RF link portion of the 
hybrid link 2 0 or the master and/or slave TIU 6 0 and/or 
68, a user will configure the optical amplifier and 
pre-amplif ier levels of the optical transmitters 108 and 

20 110 (Fig. 4) and the optical pre-amplif iers 92 and 94 

(Fig. 4) , respectively, depending on the distance between 
the master and slave OTs 56 and 64 . 

In another alternative implementation, the RF path 
2 8 may carry data independently of the data carried by 

25 the optical path 26. In other words, both the optical 
path 26 and the RF path 28 are fully utilized 
simultaneously for the communication of data. In this 
case, the hybrid link 20 may be installed without the 
presence of either the master or the slave TIU 60 or 68 

3 0 (Fig. 3) . In this case, the master and slave OTs 56 and 
64 (Fig. 3) operate independently of the master and slave 
RF transceivers 58 and 66. Thus, neither the master nor 
the slave OT 56 or 64 generates control packets 36. 

More details concerning the master TIU 60 are shown 

35 in Fig. 5. The master TIU 60 generally comprises a 
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switch 124, a multiplexer 125, a de-multiplexer 126, a 
microprocessor 127 and a buffer 128. Control lines (not 
shown) generally connect the master CIU 62 (Fig. 3) to 
the microprocessor 127, so that the master CIU 62 can 
5 remotely control the master TIU 60. The I/O signal path 
32 generally connects to the switch 124 through the 
buffer 128 to send and receive the data. Under the 
normal active mode of operation, the switch 124 routes 
the data through the optical data I/O bus 72 to the 

10 master OT 56 (Fig. 3) . The switch 124 is connected to 
the multiplexer 125 and the de-multiplexer 126. In the 
standby mode of operation, the switch 124 sends the data 
through the multiplexer 125 and an outgoing RF path 129 
to the master RF transceiver 58 (Fig. 3), and the switch 

15 124 receives the data from the master RF transceiver 58 
through an incoming RF path 130 and the de-multiplexer 
126. The switch 124 thereby routes the data through the 
RF link portion of the hybrid link 20. The outgoing RF 
path 12 9 and the incoming RF path 13 0 generally form the 

2 0 RF data I/O 80 bus between the master TIU 60 and the 

master RF transceiver 58. 

The multiplexer 12 5 generally multiplexes the 
control packet and the data, and the de-multiplexer 126 
generally de-multiplexes the control packet and the data, 
25 when in the standby mode. In active mode, however, there 
is generally no additional data with respect to which the 
control packet is multiplexed or de -multiplexed, since 
the data is sent via the master OT 56 (Fig. 3) in the 
active mode. In other words, the information received by 

3 0 either the master or slave TIU 60 or 68 from the 

respective master or slave RF transceiver 58 or 66 always 
includes the control packet 3 6 from of the other station. 
When the RF path 28 (Fig. 1) carries the data, the master 
and slave TIUs 60 and 68 extract the control packets 36 
35 from the incoming RF data stream before routing the data 
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to the I/O signal path 32 or 34, respectively- The 
master TIU 60 processes the control packet 36 and routes 
it to the master OT 56; whereas, the slave TIU 68 routes 
the control packet to the slave OT 64 without any further 
5 processing . 

The control bus 76 is connected to the 
microprocessor 127, the multiplexer 125 and the de- 
multiplexer 12 6, so that the control packet may pass 
between each of these elements and the master OT 56 (Fig. 

10 3) . The control packet received from the master OT 56 is 
passed to the microprocessor 127 and the multiplexer 125. 
The multiplexer 125 multiplexes the control packet with 
the data received from the switch 124, if necessary, and 
passes the control packet to the master RF transceiver 58 

15 (Fig. 3) for transmission to the slave station 24 (Fig. 
1) . The control packet received from the slave station 
24 through the master RF transceiver 58 is de-multiplexed 
with respect to the data, if necessary, by the de- 
multiplexer 126 and passed through the control bus 76 to 

20 the microprocessor 127 and the master OT 56. The 

microprocessor 12 7 processes the control packet, whether 
received from the master OT 56 or the slave station 24, 
to determine whether to place the hybrid link 20 (Fig. 1) 
in the active or standby modes of operation. The 

25 microprocessor 127 is connected to the switch 124 to send 
a control signal to cause the switch 124 to switch 
between the active mode and the standby mode, depending 
on the contents of the control packet 36. 

In initialization described above, it is the 

30 microprocessor 127 that, upon receipt of the control 

packet 36 from the master OT 56 (Fig. 3) with a conflict 
resolver field 44 (Fig. 2) set to the "initial" status, 
changes the conflict resolver field 44 information to the 
"operational" status. For any other control packet 36, 
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the microprocessor 127 leaves the conflict resolver field 
44 unchanged. 

When in the active mode and the microprocessor 127 
receives the control packet with an optical failure field 
5 46 (Fig. 2) set to the "failed" status, the 

microprocessor 127 initiates the switch from the active 
mode to the standby mode . When in the standby mode and 
the microprocessor 127 receives the control packet 36 
with an optical failure field 46 set to the "okay" 

10 status, the microprocessor 127 initiates the switch from 
the standby mode to the active mode. Additionally, the 
master station 22 performs the switch from active to 
standby mode, even without an optical failure field 46 
set to the "failed" status, when the master switch 124 

15 fails to detect a signal along the optical link portion 
of the hybrid link 20. 

When operating in the active mode of operation, the 
switch 124 is controlled by the microprocessor 127 to 
deliver the data from the I/O signal path 32 and buffer 

20 128 to the optical data I/O bus 72. 

More details concerning the slave TIU 6 8 are shown 
in Fig. 6. The slave TIU 68 generally comprises a switch 
131, a multiplexer 132, a de-multiplexer 133 and a buffer 
134, which are each similar in function to the switch 

25 124, multiplexer 125, de-multiplexer 126 and buffer 128 
shown in Fig. 5. The function of the slave TIU 68 is 
similar to the function of the master TIU 60 (Fig. 5) . 
However, although the slave TIU 68 may include a 
microprocessor (not shown) , it does not process the 

30 control packet 36 as does the master TIU 60 (see Fig. 5). 
Therefore, the function of determining whether to switch 
the hybrid link 20 into the active or standby mode is 
performed entirely in the master TIU 60. The slave TIU 
68, on the other hand, switches between modes depending 

35 on whether data is actually being received on the optical 
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data I/O bus 56. Control lines (not shown) generally 
connect the slave CIU 70 (Fig. 3) to the elements of the 
slave TIU 68 for remote control thereof. 

The switch 131 is connected to the optical data I/O 
5 bus 74, the buffer 134, the multiplexer 132 and the de- 
multiplexer 133. When in active mode, the switch 131 
sends and receives the data through the optical data I/O 
bus 74 and the slave OT 64 (Fig. 3) . When in the standby 
mode, the switch 131 routes the data from the I/O signal 

10 path 34 and the buffer 134 to the multiplexer 132 and an 
outgoing RF path 135 and from an incoming RF path 13 6 and 
the de-multiplexer 133 to the buffer 134 and the I/O 
signal path 34. The outgoing RF path 135 and the 
incoming RF path 136 generally form the RF data I/O bus 

15 82 between the slave TIU 68 and the slave RF transceiver 
66 (Fig. 3) . The switch 131 switches from active mode to 
standby mode upon detecting that data is not present on 
the optical data I/O bus 74, since the lack of data on 
the optical data I/O bus 74 is an indication that the 

20 master TIU 60 (Fig. 3) has placed the hybrid link 20 
(Fig. 1) into standby mode. Thus, the switch 131 in 
particular, and the slave TIU 68 in general, perform the 
function of a signal router for routing the data through 
the appropriate optical or RF path. 

25 The control bus 78 is connected to the multiplexer 

132 and the de-multiplexer 133, so that the control 
packet may pass between each of these elements and the 
slave OT 64 (Fig. 3) . The control packet received from 
the slave OT 56 is passed to the multiplexer 132. The 

30 multiplexer 132 multiplexes the control packet 36 with 

the data received from the switch 131, if necessary, and 
passes the control packet to the slave RF transceiver 66 
(Fig. 3) for transmission to the master station 22 (Fig. 
1) . The control packet received from the master station 

35. 22 through the slave RF transceiver 66 is de-multiplexed 
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from the data, if necessary, by the de-multiplexer 133 
and passed through the control bus 78 to the slave OT 64. 
The control packet is preferably not processed in any 
manner within the slave TIU 68, but is merely passed 
5 through between the RF data I/O bus 82 and the control 
bus 78 # since the function of switching between the 
active mode and standby mode is performed automatically 
upon the detection by conventional circuitry in the 
switch 131 of the absence of data on the optical data I/O 
10 bus 74. 

The master TIU 60 processes the control and status 
information in the control packet flowing between the 
master OT 56, master RF transceiver 58 and the master CIU 
62 (Fig. 3) . The master TIU 60 includes the buffer 128 

15 to dynamically store and down-convert the data rate of 
the data received from the I/O signal path 56 when a 
switch in mode of operation from the optical path 26 to 
the RF path 2 8 is ordered. The buffer 12 8 is used to 
store data until the rest of the communication network or 

2 0 system (not shown) , to which the I/O signal paths 3 2 and 
34 (Fig. 1) connect, is instructed to lower its data 
transmission rate to match the lesser data transmission 
rate through the RF path 28. The stored data can be re- 
transmitted if minor data loss occurs during the active- 

2 5 to- standby mode switching process due to a delay between 
communication network or system data transmission rate 
end-to-end switching. The size of the buffer 128 is 
chosen to support high-speed interface protocols, and the 
data rates at which bits are extracted from the buffer 

30 128 can be configured to support those interfaces. 

The slave TIU 68 includes the buffer 134 to 
dynamically store and down-convert the input data rate of 
the data received from the I/O signal path 56 when a 
switch from the optical path 26 to the RF path 28 is 

35 ordered. The buffer 128 is used to store data until the 
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rest of the network (not shown) , to which the I/O signal 
paths 56 and 58 connect, is informed to lower its 
transmission speed. The stored data can be re- 
transmitted if minor data loss occurs during the active- 
5 to- standby switching process due to a delay between 
end-to-end switching. The size of the buffer 128 is 
chosen to support all high-speed interface protocols, and 
the data rates at which bits are extracted from the 
buffer 128 can be configured to support those interfaces. 

10 A general adaptive power control procedure performed 

by the control packet generator 100 and 102 (Fig. 4) of 
the master and slave OTs 56 and 64 (Fig. 2) , 
respectively, to assess the received optical power level, 
adjust the transmitted optical power level and assemble 

15 the control packet 36 (Fig. 2), is shown in Fig. 7. The 
adaptive power control procedure operates in both the 
active and standby modes. In the active mode, the 
adaptive power control procedure adjusts the optical 
transmitted power level based on the information carried 

2 0 in the received control packet 3 6 and the power level of 
the received optical path 26. The adaptive power control 
procedure updates the content fields 40 (Fig. 2) of the 
control packet 3 6 before sending the control packet 36 
across the terrestrial free-space region 30. In the 

2 5 standby mode, the adaptive power control procedure 

maintains maximum power transmission and does not update 
the control packet until the optical link portion of the 
hybrid link 20 shows communication improvement. In the 
standby mode, the optical failure field 46 will always 

30 indicate a "failed" status until the optical link portion 
of the hybrid link 2 0 becomes adequate for data 
transmission. Then the optical failure field 4 6 changes 
to indicate the "okay" status, allowing the active mode 
of operation to resume. 
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The adaptive power control procedure starts at step 
142. At step 144, it is determined whether the control 
packet 3 6 (Fig. 2) has been received. If not, then the 
procedure enters a loop at step 144 waiting for the 
5 control packet to be received. If the determination at 
step 144 is positive, i.e. the control packet has been 
received, then the various content fields 40 (Fig. 2) are 
extracted at step 146. At step 148, it is determined 
whether the received conflict resolver field 44 (Fig. 2) 

10 indicates that the received control packet 36 was 

generated in the initialization stage when the conflict 
resolver field 44 is set to the "initial" status (e.g. a 
0) . If so, the control packet is discarded and the 
procedure returns to step 144 to wait for the next 

15 control packet. If the determination at step 148 is 

negative, i.e. the control packet was not generated in 
the initialization stage, then the local parameters (e.g. 
local total received power based on the beam quality 
signal from the channel assessment unit 96 or 98 (Fig. 

2 0 4) , and the local total transmitted power based on the 
setting of the transmitted power update unit 104 or 106 
(Fig. 4)) that will be used to update the control packet, 
are retrieved at step 150. 

At step 152, it is determined whether the optical 

25 failure field 46 (Fig. 2) indicates that the optical link 
portion of the hybrid link 20 is properly operating, 
thereby exhibiting an "okay" status. If so, then at step 
154, it is determined whether failure of the optical link 
portion of the hybrid link 20 is indicated locally, which 

30 may happen in this situation if the optical link portion 
of the hybrid link 2 0 is deteriorating more rapidly than 
the time it takes for the control packet 3 6 to travel 
from one station to the other. If not, the hybrid link 
20 is presumed to operate in the active mode, and it is 

35 determined whether the transmitted optical power level is 
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to be adjusted up, down or not at all according to the 
value of the received power adjustment field 48 (Fig. 2) 
at step 156. If the determination at step 156 is 
negative, the .control packet is updated at step 158. If 
5 the determination at step 156 is positive, i.e. the 

transmitted optical power level is to be adjusted, then 
the transmitted optical power level of the optical 
transmitter 108 or 110 (Fig. 4) is adjusted according to 
the value indicated in the received power adjustment 

10 amount field 50 (Fig. 2) at step 160. The control packet 
is thereafter updated at step 158. After the control 
packet has been updated at step 158, the adaptive power 
control procedure ends at step 161. 

When the control packet 36 is updated at step 158, 

15 the conflict resolver field 44 (Fig. 2) remains 

unchanged. Depending on whether the local total received 
power is below a minimum threshold and the local total 
transmitted power is already set to its maximum, the 
optical failure field 46 is set to exhibit a "failed" 

20 status. Otherwise, the optical failure field 46 is set 

to reflect the "okay" status. The power adjustment field 
48 is set to reflect the "unchanged" status if the local 
total received power is between the minimum threshold and 
a maximum threshold. The power adjustment field 4 8 is 

25 set to the "increase" status if the local total received 
power is below the minimum threshold and the local total 
transmitted power is not yet maximized. The power 
adjustment field 48 is set to the "decrease" status if 
the local total received power is above the maximum 

30 threshold. If the power adjustment field 48 is set to 
indicate the "increase" or "decrease" status, then the 
power adjustment amount field 50 is set to the amount by 
which the optical power level for the opposite station 22 
or 24 is to be changed, depending on the values of the 

35 local total received power and the local total 
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transmitted power. The total received power field 52 and 
the total transmitted power field 54 are loaded with the 
values of the local total received power and the local 
total transmitted power. 
5 If the determination at step 154 is positive, 

indicating that the optical link portion has failed 
locally, then the control packet is updated at step 162. 
When the control packet is updated at step 152, the 
conflict resolver field 44 (Fig. 2) remains unchanged. 

10 The optical failure field 46 (Fig. 2) is set to indicate 
the "failed" status. The power adjustment field 48 (Fig. 
2) and the power adjustment amount field 50 (Fig. 2) are 
both preferably set to zero, since optical failure is 
indicated only when it is not possible to further 

15 increase the transmitted optical power level, and since 
it is undesirable to decrease the transmitted optical 
power level when optical failure is indicated. The total 
received power field 52 (Fig. 2) and the total 
transmitted power field 54 (Fig. 2) are loaded with the 

2 0 values of the local total received power and the local 

total transmitted power. 

If the determination at step 152 is negative, i.e. 
the optical failure field 46 (Fig. 2) indicates that the 
optical link portion has failed, then the microprocessor 
25 127 will have begun the switch from active to standby 
mode of operation, and at step 164, it is determined 
whether failure of the optical link portion is also 
indicated locally. If so, then the optical link portion 
is still inoperative, the hybrid link is still in standby 

3 0 mode, and the control packet is updated accordingly at 

step 166. The conflict resolver field 44 (Fig. 2) is 
unchanged. The optical failure field 46 (Fig. 2) is 
maintained at the "f ailed" status. The power adjustment 
field 48 (Fig. 2) and the power adjustment amount field 
35 50 (Fig. 2) are preferably set to zero. The total 
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received power field 52 (Fig. 2) and the total 
transmitted power field 54 (Fig. 2) are loaded with the 
values of the local total received power and the local 
total transmitted power. After updating the control 
5 packet at step 166, the procedure ends at step 161. 

If the determination at step 164 is negative, 
indicating that the local optical link portion is 
operating properly, then the optical path 2 6 is assumed 
to have recovered and the control packet is updated 

10 accordingly at step 168. When updating the control 

packet at step 168, the conflict resolver field 44 (Fig. 
2) remains unchanged. Depending on whether the local 
total received power is below a minimum threshold and the 
local total transmitted power is already set to its 

15 maximum, the optical failure field 46 (Fig. 2) is set to 
the "f ailed" status. Otherwise, the optical failure 
field 46 is set to the "okay" status. The power 
adjustment field 48 (Fig. 2) is set to indicate 
"unchanged" if the local total received power is between 

2 0 the minimum threshold and a maximum threshold. The power 
adjustment field 48 is set to indicate "increase" if the 
local total received power is below the minimum threshold 
and the local total transmitted power is not yet 
maximized. The power adjustment field 48 is set to 

25 indicate "decrease" if the local total received power is 
above the maximum threshold. If the power adjustment 
field 48 is set to indicate "increase" or "decrease," 
then the power adjustment amount field 50 (Fig. 2) is set 
to the amount by which the optical power level for the 

30 opposite station 22 or 24 is to be changed, depending on 
the values of the local total received power and the 
local total transmitted power. The total received power 
field 52 (Fig. 2) and the total transmitted power field 
54 (Fig. 2) are loaded with the values of the local total 

35 received power and the local total transmitted power. 



Page 40 of 53 



Following updating of the control packet at step 168, the 
procedure ends at step 161. 

A procedure for the master TIU 60 (Fig. 3) to switch 
between the active and standby modes under the control of 
5 the microprocessor 12 7 (Fig. 5) is shown in Fig. 8. The 
procedure starts at step 170. At step 171, it is 
determined whether the conflict resolver field 44 (Fig. 
2) in the control packet 36 is set to indicate 
initialization. If so, then at step 172, the conflict 

10 resolver field 44 is changed to "operational." This 

change occurs for the initial control packet 3 6 generated 
upon initialization of the hybrid link 20. At step 173, 
it is determined whether the optical failure field 46 
(Fig. 2) is. set to indicate the "okay" status. If so, 

15 then at step 174, it is determined whether the hybrid 

link 20 is currently operating in the standby mode. If 
so, then the command is issued to switch from the standby 
mode to the active mode at step 176. Thereafter, the 
procedure ends at step 178. If the determination at step 

20 174 is negative, i.e. the hybrid link 20 is currently 
operating in the active mode, then there is no need to 
switch the mode of operation, and the procedure ends at 
step 178. 

If the determination at step 173 is negative, i.e. 

25 the optical failure field 46 (Fig. 2) in the control 

packet indicates the "failed" status, then at step 180, 
it is determined whether the hybrid link 2 0 (Fig. 2) is 
currently in the active mode. If so, the command is 
issued to switch from the active mode to the standby mode 

30 at step 182, and the procedure thereafter ends at step 

178. If the determination at step 180 is negative, i.e. 
the hybrid link 20 is currently operating in the standby 
mode, then there is no need to switch the mode, and the 
procedure ends at step 178. 
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A procedure for the slave TIU 68 to switch between 
the active and standby modes upon the switch 131 (Fig. 6) 
automatically detecting the absence of data on the 
optical data I/O bus 74 (Fig. 4) is shown in Fig. 9. The 
5 procedure starts at step 184. At step 186 , it is 

determined whether data is present on the optical data 
I/O bus 74. If so, then at step 188, it is determined 
whether the hybrid link 2 0 is currently in the standby 
mode. If so, then the switch 131 switches from standby 

10 mode to active mode at step 190, because the presence of 
optical data on the I/O bus indicates that the optical 
path is now operable. Thereafter the procedure ends at 
step 192. If the determination at step 188 is negative, 
i.e. the hybrid link 2 0 is currently in the active mode, 

15 then there is no need to switch the mode, and the 
procedure ends at step 192. 

If the determination at step 186 is negative, i.e. 
data is not present on the optical data I/O bus 74 (Fig. 
4), then at step 194, it is determined whether the hybrid 

20 link 20 is currently operating in the active mode. If 
so, the switch 131 switches from active mode to standby 
mode at step 196, because the absence of optical data on 
the optical data I/O bus indicates failed communication 
through the optical path. Thereafter, the procedure ends 

25 at step 192. If the determination at step 194 is 

negative, i.e. the hybrid link 2 0 is currently in the 
standby mode, then there is no need to switch the mode, 
and the procedure ends at step 192. 

The hybrid link 2 0 has the advantage of high-speed 

30 communication through the optical link portion, combined 
with a reliable communication path for control and status 
information, as well as a backup data communication path 
through the RF link portion of the hybrid link. The 
hybrid link 2 0 loses communication speed or bandwidth 

35 upon switching the data flow from the optical link 
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portion to the RF link portion, but the overall data 
communication is maintained although at a lower rate. 
The reliability and availability of the RF link portion 
permits the reliable exchange control and status data 
5 between the master and slave stations 22 and 24 at all 
times, so synchronization and power symmetry of the 
master and slave stations 22 and 24 can be maintained 
even under adverse atmospheric conditions for optimal use 
of the optical link portion. Even when the optical link 

10 portion is failed, control and status information 
regarding the optical link portion is still shared 
between the master and slave stations 22 and 24 . Many 
other advantages and improvements will be apparent to 
those having skill in the art, after gaining a complete 

15 understanding and comprehension of the present invention. 

Presently preferred embodiments of the invention and 
its improvements have been described with a degree of 
particularity. This description has been made by way of 
preferred example. It should be understood that the 

2 0 scope of the present invention is defined by the 

following claims, and should not be unnecessarily limited 
by the detailed description of the preferred embodiment 
set forth above . 
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